We analyzed 642 documents, most of them published in the Journal of Dairy Science. Digital dermatitis is the most cattle foot and claw disease studied worldwide. Laminitis-related diseases are studied more than infectious diseases. In the 80's the way of studying cattle foot and claw diseases was modified. This is the first scientometric study on cattle foot and claw diseases.
Introduction
Foot and claw diseases in cattle, besides causing pain and lameness, interfere with the welfare of animals, presenting great clinical variation and resulting in poor animal performance and substantial economic losses to the farms. These negative effects are mainly attributable to increased premature death, increased mortality, decreased milk production, reduced food intake, decreased fertility, increased incidence of related diseases, and increased cost of treatments, as well as weight loss. Therefore, the foot and claw diseases constitute one of the major productive and economic obstacles to global cattle breeding . Liang, Arnold, Stowe, Harmon & Bewley (2017) estimated that the average cost per case of cattle lameness is between $185 and $333, based on expenditures and losses.
The first scientific studies on this subject were published during the first few decades of the 20 th century, and were mainly carried out in Germany (Greenough, 2007) . In Scopus scientific database, the oldest documents pertaining to this subject date back to the early 1960s (Bömer, 1964; Batista, Shome, & Lima, 1963; Steiner, 1963) . With more than half a century of accessible research on the subject and thousands of published scientific papers, important advances have been made in elucidating clinical presentations, etiopathogenesis, epidemiology, and risk factors associated with foot and claw diseases in cattle. However, to the best of our knowledge, scientometric aspects of science and scientific production of these diseases have not been evaluated, hindering the analysis of studies in the subject area as a whole.
A scientometric study involves the quantitative evaluation of scientific and technological activities via the analysis of publications. Thus, scientometry can be defined as the science of science (Zavaraqi & Fadaie, 2012) . The scientometric methods and tools can be used to study scientific communities and evaluate their research trends. This can help researchers in a given area to build consensus and make decisions in a wide range of situations (Correia, Paredes, & Fonseca, 2018) , including development of future research projects in a subject area. Therefore, the aim of scientometric studies is to identify the highest possible number of publications in a given area.
In this milieu, since 2004, the Scopus database has become a good alternative for scientific research. As on 2014, this database, maintained by the Elsevier Company, has been internationally recognized for containing information from approximately 14,000 journals and 167 million scientific publications on various topics. These figures indicate that Scopus might contain approximately 20% more content than that of other databases (Nascimento & Rodrigues, 2015) . The aim of this study was to quantitatively evaluate scientific publications on cattle foot and claw diseases using the Scopus database.
Materials and Methods
After testing the best combination of keywords for a search to obtain the highest possible number of documents in the Scopus database, the combination "hoof disease AND bovine OR cattle OR cow" was selected. The combination of terms "bovine", "cattle", and "cow" helped retrieve a high number of documents when compared with that retrieved using each of these terms separately. The terms "hoof disorders", "podal disorders", "podal disease", "claw disorders", and "claw disease" were also tested, but they all resulted in a fewer number of documents than "hoof disease". The search with the selected keywords was limited to the article title, abstract, and keywords of the target documents. The selected date range was "All years" to "Present"; that is, we did not limit our search to a specific date of publication for documents (we included every year). Only articles, reviews, and notes were searched, with no limits for the type of access. It is important to make it clear that our study was conducted on a sampling of Scopus documents. Even with the use of keywords in order to obtain the greatest possible amount of documentation on cattle foot and claw diseases, only a fraction can be found.
The documents retrieved were read, and those that did not fit the theme foot and claw diseases in cattle were discarded. The articles that fit the proposed theme were classified according to the type (article, review, or note), language, subject area, source title, affiliation, and country/territory. In order to know the researchers who published the most in cattle foot and claw diseases, authors and co-authors were counted. Regarding the content, the documents were grouped later into thematic topics. The diseases evaluated in each study were quantified in isolation and in related groups. These quantifications were made per year, and are presented in decades, with the 2010 decade considered until July 2018.
To compare the frequencies obtained by grouping the thematic topics and diseases over the decades and within the same decade, the chi-square test (χ 2 ) for adherence was used, considering a 5% significance level. The software R (R Core Team, 2018) was used for the chi-square analysis and frequency calculations.
Results and Discussion
Using the combination of keywords "hoof disease AND bovine OR cattle OR cow" in the Scopus database, we obtained 868 publications. After analyzing these publications, 226 (26%) publications were discarded; the remaining 642 (74%) documents were related to the searched topic. The reasons for discarding the retrieved articles were as follows: studies on (1) podal diseases in other species, such as horses, pigs and small ruminants and (2) the involvement of locomotor system due to diseases that are not primary of the hooves, mainly foot-and-mouth disease. Of the 642 publications analyzed, we obtained 595 articles (92.6%), 46 reviews (7.2%), and 1 note (0.2%), which highlighted the originality of research on the topic. The open access documents accounted only 2.5% (16/642). In a recent scientometric analysis on human Chagas cardiomyopathy (González-Alcaide, Salinas, & Ramos, 2018), only 79.6% of all publications were journal articles, which were comparatively less than those obtained in the present study. These 79.6% of articles was followed by 11.2% of reviews.
Most of the documents were written in English (n = 518, 81%), followed by German (n = 80, 12%), Dutch (n = 15, 2%), Bulgarian (n = 10; 2%), Portuguese (n = 7; 1%), Russian (n = 6; 1%), and others (n = 6; 1%). The trend of scientific publications in English is a reality in all areas of knowledge, as English is considered an international language (Sab, Dharani, & Biradar, 2016) . Although publications in German are not common in other areas (Friedmacher, Pakarinen, & Rintala, 2018; Sab et al., 2016) , there is a significant number of literature published in this language in the area of cattle foot and claw diseases during the last 50 years. This reflects the importance of German speaking researchers and early works published in German at the beginning of the 20 th century (Greenough, 2007) .
The classification of documents into one or more subject areas revealed the following to be the major subject areas: Veterinary (394); Agricultural and Biological Sciences (257); Biochemistry, Genetics, and Molecular Biology (131); Medicine (123); and Others (20) . Together, the subject areas Veterinary, and Agricultural and Biological Sciences represent 70% of the publications by subject area. However, we should also emphasize the 131 papers classified as Biochemistry, Genetics, and Molecular Biology, of which five were published during the first half of 2018 viz., (Dolecheck, Dwyer, Overton, & Bewley, 2018; Heringstad et al., 2018; Jacobs, Orsel, Mason, & Barkema, 2018; Weigele, Gygax, Steiner, Wechsler, & Burla, 2018; Wilson-Welder, Nally, Alt, Humphrey, & Olsen, 2018) . It demonstrates that studies on foot and claw diseases have been aimed at clarifying the fundamental biological mechanisms underlying these complex diseases in cattle.
By source title, the journal with the highest number of publications pertaining to foot and claw diseases in cattle is Journal of Dairy Science, with 123 papers. This was followed by Veterinary Record (61), Veterinary Journal (49) Twelve authors with 10 or more publications of the 642 documents analyzed are shown in Figure 2 .
Johann Kofler with 19 documents, and David Nixon Logue and Jan Keith Shearer with 18 documents each stand out. By affiliation, the 10 most prominent institutions with a high number of publications on the subject of foot and claw diseases in cattle are presented in Figure 3 . The information of authors and institutions with a high number of publications in this subject can help young researchers of the area searching for bibliographic material or help establish scientific partnerships. By country or territory, 187 (29%) documents were of indefinite origin, and therefore, we classified only 455 documents, which are as follows: United
The average SCImago Journal Rank (SJR) of 10 journals with the highest number of publications was 0.63. Journal of Dairy Science has the highest SJR, which is 1.21. The SJR index, proposed by the SCImago Research Laboratory in Spain in 2007, is calculated based on the Scopus citation databases. To calculate the SJR index, a mathematical model similar to that of GooglePageRank is used, attributing different weights to the citations, according to the source that quoted the document (Jamali, Salehi-Marzijarani, & Ayatolahi, 2014) . Thus, not necessarily the most cited journal will be better ranked, as the index prioritizes the weight to the detriment of quantity of citation sources. Therefore, among the scientific journals that publish most papers on the subject of foot and claw diseases in cattle, Journal of Dairy Science publishes most studies, and it has the best citation in the area. The following is a list of journals with SJR index in descending order: Preventive Veterinary Medicine Twelve authors with 10 or more publications of the 642 documents analyzed are shown in Figure  2 . Johann Kofler with 19 documents, and David Nixon Logue and Jan Keith Shearer with 18 documents each stand out. By affiliation, the 10 most prominent institutions with a high number of publications on the subject of foot and claw diseases in cattle are presented in Figure 3 . The information of authors and institutions with a high number of publications in this subject can help young researchers of the area searching for bibliographic material or help establish scientific partnerships. By country or territory, 187 (29%) documents were of indefinite origin, and therefore, we classified only 455 documents, which are as follows: United States (22%), United Kingdom (17%), Germany (11%), and Canada (10%) together represented 60% of the publications (Figure 4) . Classification of the 642 selected studies in thematic topics resulted in the following four groups (Table 1) . (1) Specific hoof diseases (SHD) included publications on one or more specific hoof diseases. (2) General hoof diseases (GHD) included publications that are not specific to one or more hoof diseases, as they addressed general issues about these diseases such as risk factors, diagnostic methods, treatment, prophylaxis, epidemiology, and economic aspects. (3) Lameness (LAM) included publications pertaining to lameness in cattle and not the hoof diseases that caused it lameness was a disease focus rather than a clinical sign. (4) Healthy hoof characterization (HHC) included publications pertaining to characterization of the hoof of healthy cattle using varied techniques, and these studies form an important base for the characterization of the hoof of sick cattle. Table 1 revealed that, with the exception of GHD, in all other topics the number of publications is increasing with the decade, following the trend of total published documents (*P < 0.05). A comparison of the percent of publications between the topics in each column revealed that until the 1970s, the number of publications on GHD and SHD was equivalent. Since the 1980s, the number of studies on SHD has increased substantially, indicating a trend that studies on GHD have not increased after 1970s.
The analysis of each thematic topic by rows in
The trend of stagnation of GHD publications in comparison with the increase in SHD publication can be partially explained by the scientific description of diseases from the 70's, such as digital dermatitis (DD) (Watts et al., 2018) , which reflected in the increased number of publications only from the later decades. In addition, technological and scientific developments created conditions for studies using more Classification of the 642 selected studies in thematic topics resulted in the following four groups (Table 1) . (1) Specific hoof diseases (SHD) included publications on one or more specific hoof diseases.
(2) General hoof diseases (GHD) included publications that are not specific to one or more hoof diseases, as they addressed general issues about these diseases such as risk factors, diagnostic methods, treatment, prophylaxis, epidemiology, and economic aspects. (3) Lameness (LAM) included publications pertaining to lameness in cattle and not the hoof diseases that caused it lameness was a disease focus rather than a clinical sign. (4) Healthy hoof characterization (HHC) included publications pertaining to characterization of the hoof of healthy cattle using varied techniques, and these studies form an important base for the characterization of the hoof of sick cattle. Table 1 revealed that, with the exception of GHD, in all other topics the number of publications is increasing with the decade, following the trend of total published documents (*P < 0.05). A comparison of the percent of publications between the topics in each column revealed that until the 1970s, the number of publications on GHD and SHD was equivalent. Since the 1980s, the number of studies on SHD has increased substantially, indicating a trend that studies on GHD have not increased after 1970s.
The trend of stagnation of GHD publications in comparison with the increase in SHD publication can be partially explained by the scientific description of diseases from the 70's, such as digital dermatitis (DD) (Watts et al., 2018) , which reflected in the increased number of publications only from the later decades. In addition, technological and scientific developments created conditions for studies using more detailed diagnostic methods at the end of the 1970s and during the early 1980s (Gogoi, Nigam, & Singh, 1982; Nigam & Singh, 1980; Bodurov, Binev, & Goranov, 1979; Yates, Rothfus, Garner, & Cornell, 1979) . In this regard, Weaver et al. (1981) reviewed the disorders of digits in ruminants with a proposal for anatomical and pathological terminology and a register for diseases. Thus, in the 1980s, the tendency to investigate each bovine foot disease separately was intensified rather than studies that focused all diseases as a single problem. Table 1 Frequencies of 642 studies, published from 1963 to 2018, analyzed by the decade of publication and classified  into four thematic groups, in a scientometric analysis about the foot and claw diseases *P = P value of the χ 2 distribution in line analysis; # P = P value of the χ 2 distribution in column analysis. SHD = Specific hoof diseases; GHD = General hoof diseases; LAM = Lameness; HHC = Healthy hoof characterization.
The number of studies that aimed to evaluate lameness as a disease rather than as a clinical sign increased from the 2000s. Weigele et al. (2018) reported that lameness is one of the most prevalent diseases affecting the well-being of cow in modern dairy production. On the contrary, lameness in dairy cattle is a result of many diseases, and a systematic approach is necessary to identify important risk factors and diagnose the predominant causes, especially if the prevalence of lameness in the herd exceeds 15% (Nordlund, Cook, & Oetzel, 2004) .
The analysis of 449 publications that included one or more SHD revealed 18 diseases studied in 1193 cases, and some of them included cattle foot or claw diseases; they are presented in Table 2 distributed according to the decade of publication.
Digital dermatitis stood out as the disease with the highest number of publications. This disease was described in Italy during 1974, appearing as the main cause of lameness in cattle herds globally and generating considerable costs associated with its treatment and management. The pain and lameness caused by DD are among the major concerns associated with the welfare of cattle (Watts et al., 2018) . Digital dermatitis lesions are observed in 70%-95% of dairy herds in the USA and Denmark, with prevalence of 20%-30% within herds in Europe and the USA. The high prevalence of DD results in high treatment costs, although the cost per case is generally lower than that for sole ulcer and white line disease (Nielsen, Thomsen, Green, & Kaler, 2012) . As DD was discovered in the 1970s, the first studies on DD included in the sample of this study date back to the 1980s. From the 2000s, DD became the most studied bovine foot or claw disease, accounting for 20% of the total of diseases during the decade of 2010. foot and claw diseases studied between 1963 and 2018, analyzed by the decade of  publication, in a scientometric analysis using Between the 1970s and 1990s, laminitis was the most studied disease among the documents included in the present study. From 2000, the number of studies that contained the term 'laminitis' as the object of study declined, demonstrating a trend of disuse of the term. In 2010, only 3% of the diseases studied in our sample group were still identified as laminitis. Greenough (2007) has described that, in the middle of that decade, scientists demonstrated that the word 'laminitis' was an inappropriate descriptor for the disorder. This assertion was based on the argument that laminae are not always the only and not necessarily the first structures in the claws that are affected, and inflammation is not invariably found during the early stages of the disorder. Now, researchers agree that the term 'coriosis' better describes the condition as an inflammatory insult affecting the coronary, laminar, perioplic, and solar regions of the corium (Shearer & Van Amstel, 2017) .
During the same period in which the term laminitis fell into disuse, the use of terms associated with laminitis-related disorders such as sole ulcer, white line disease, sole hemorrhage, double sole, and toe ulcer presented an absolute increase in several studies, although the relative frequency did not increase due to the substantial increase in DD. Therefore, another possible approach to analyze the occurrence of cattle foot and claw diseases is by grouping related diseases. This type of analysis has been used mainly to study infectious diseases and laminitis-related disorders (Silva et al., 2018; Ødegård, Svendsen, & Heringstad, 2015; Van der Spek, Van Arendonk, & Bovenhuis, 2015) . Therefore, we grouped infectious diseases consisting of (inter-)DD, heel horn erosion, interdigital phlegmon, and septic pododermatitis; and laminitisrelated disorders consisting of laminitis, sole ulcer, white line disease, sole hemorrhage, double sole, and toe ulcer. The other diseases were grouped under Others (Table 3) . Analysis of related diseases (Table 3) revealed that the groups Laminitis-related, Infectious, and Others followed a pattern of increase in the number of publications throughout all the decades, as well as the total number of publications. Furthermore, the group Laminitis-related diseases had the highest number of publications. A comparison of publication trends along columns in Tables 2 and  3 showed that DD is the most studied disease. Furthermore, grouping revealed that laminitisrelated disorders are studied more than infectious diseases. Statistically, it is apparent that this started to occur since the 1980s, from when the # P value was < 0.001.
According to Shearer and Van Amstel (2017) , with a few exceptions, sole ulcers and white line disease are the most common claw disorders in confined dairy cattle. These disorders along with the traumatic lesions of the sole are the most common causes of lameness that affect the digit or the hoof. Traumatic lesions of the sole include thin sole toe ulcers predisposed by weakening of the sole due to excessive wear rates or over-trimming. To a large extent, these conditions are predisposed by metabolic disorders, including ruminal acidosis and laminitis, along with other physiological changes that occur during the transitional period. The mechanical stresses to which these animals are subjected on hard floors contribute to lameness (Shearer & Van Amstel, 2017) .
Based on observed publication trends, we believe that studies on DD and laminitis-related disorders will continue to be the most published by the end of this decade and probably in the next decade. In the present study, 15 documents published in 2018 were included. Of these, DD was evaluated in 13 studies (87%), and 5 of them (33%) evaluated only the disease. These data show a current trend in DD research in studies on cattle foot and claw diseases worldwide. The scientometric studies are scarce in veterinary medicine (Ueda, Karling, Takemoto, & Pavanelli, 2013; Gupta, Ahmed, Gupta, & Tiwari, 2015) , and the absence of this type of study on cattle foot and claw diseases has made it difficult to compare the data of a study with those of other studies.
Scientometric study is an important step for the detection and description of subject areas in scientific development. From the knowledge generated by the scientometric studies, mainly on what is being researched and the influence of this production in science, decisions can be made in scientific and technological policies (Macias-Chapula, 1998) . Future studies should quantitatively assess cattle foot and claw diseases and their publication trends in different databases to build a consensus on the scientific trends of this subject area.
Conclusions
Based on documents retrieved from the Scopus database, we found that in just over half a century of research on cattle foot and claw diseases, bovine digital dermatitis is the most studied disease worldwide. Grouping related disorders revealed that laminitis-related diseases are studied more than infectious diseases since the 1980s, from when studies on individual foot and claw diseases in cattle increased to the detriment of studies that aimed to study them as a unique problem. Our study compiles valuable information that can help researchers to build consensus and make decisions in a wide range of situations, including development of future research projects in the subject area. To the best of our knowledge, the present study is the first scientometric study on cattle foot and claw diseases.
